Mosquito control is facing a threat due to the emergence of resistance to synthetic insecticides. Insecticides of plant origin may serve as suitable alternative biocontrol techniques in the future. The purpose of the present study was to assess the ethyl acetate, acetone and methanol extracts of Andrographis paniculata, Eclipta prostrata and Tagetes erecta leaves tested for ovipositiondeterrent, ovicidal and repellent activities against malaria vector, Anopheles subpictus Grassi (Diptera: Culicidae).
In India, malaria is one of the most important causes of direct or indirect infant, child, and adult mortality. About 2 million confirmed malaria cases and 1,000 deaths are reported annually, although 15 million cases and 20,000 deaths are estimated by WHO South East Asia Regional Office. India contributes 77 per cent of the total malaria in Southeast Asia 1 . Anopheles subpictus is known to transmit malaria and filariasis. A study of multiple host-feeding in field populations and its specific role in transmitting malaria in Sri Lanka, revealed that multiple blood feeding within the same gonotrophic cycle was attributed to a local 'frequent feeding strategy' in this primarily zoophagic and endophilic malaria vector 2 . An. subpictus Grassi is distributed throughout India, Afghanistan, Borneo, China, Malaysia, Philippines, Sri Lanka, Java and Indonesia. It is a dominant species in Haryana and Uttarakhand States 3 . Though it is a non-vector species, infected specimens with malaria parasite have been reported from India, Indonesia and Java 4 . An. culicifacies is the main vector of malaria, and An. subpictus is a significant secondary vector in Sri Lanka
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. Conventional synthetic pesticides are used for mosquito control. However, unsystematic prolonged application of these pesticides can have adverse effects on the environment, as well as cause residual effects and induce the development of resistance to the pesticide by the vector 6 .
Andrographis paniculata is well known plant in Asia and animal studies have shown that extracts are biologically active. It has a broad range of pharmacological effects, showed 100 per cent mortality against Dipetalonema reconditum 7 and the methanol and ethyl acetate extracts were tested on Callosobruchus chinensis 8 . Eclipta prostrata is a common plant growing in moist soils throughout India up to a height of 6000 ft. Lethal activity of methanol whole plant extracts of E. prostrata tested against larvae of Lycoriella ingénue and Coboldia fuscipes using residual contact toxicity 9 and the ethanol extract was tested for larvicidal activity against Aedes fluviatilis 10 . Tagetes erecta methanol and dichloromethane extracts showed a significant activity against Sitophilus oryzae 
Preparation of plant extracts:
The leaves were dried for 7-14 days in the shade at the environmental temperatures (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) o C day time). The dried leaves (800 g) were powdered mechanically using commercial electrical stainless steel blender and extracted with ethyl acetate (2,200 ml, Qualigens, India), acetone (1,200 ml, Qualigens) and methanol (2,500 ml, Qualigens) in a Soxhlet apparatus (boiling point range 60-80°C) for 8 h. The extract was concentrated under reduced pressure 22-26 mm Hg at 45°C, and the residue obtained was stored at 4°C.
Preparation of stock and test concentrations:
One gram of crude extract was first dissolved in 100 ml of acetone (stock solution). From the stock solution, 1000 and 500 mg/l was prepared. Polysorbate 80 (Qualigens) was used as an emulsifier at the concentration of 0.05 per cent in the final experimental media.
Mosquito culture: An. subpictus larvae were collected from rice field and stagnant water area of Melvisharam and identified in Zonal Entomological Research Centre, Vellore, Tamil Nadu, to start the colony and larvae were kept in plastic and enamel trays containing tap water in Unit of Bioactive Natural Products, Post Graduate & Research Department of Zoology, C. Abdul Hakeem College, Melvisharam, Vellore district, Tamil Nadu, India. All experiments were carried out, at 27 ± 2 o C and 75-85 per cent relative humidity under 14:10 light and dark cycles. Larvae were fed a diet of brewers yeast, dog biscuits and algae collected from ponds in a ratio of 3:1:1, respectively. Pupae were transferred from the trays to a cup containing tap water and were maintained in our insectary (45 x 45 x 40 cm) where adults emerged. Adults were maintained in glass cages and were continuously provided with 10 per cent sucrose solution in a jar with a cotton wick. On day five the adults were given a blood meal from a pigeon placed in resting cages overnight for blood feeding by females. Glass petridishes with 50 ml of tap water lined with filter paper were kept inside the cage for oviposition. They were maintained and reared in the laboratory as per the method of Kamaraj et al 16 .
Oviposition -deterrence assay: To study the oviposition-deterrence effect and the number of eggs deposited in the presence of different solvent extracts of experimental plants, a multiple concentration test was carried out. For bioassay test, 20 males and 20 females were separated in the pupal stage (by size of the pupae) and were introduced into screen cages (45×45×40 cm) in a room at 27 ± 2°C and 75-85 per cent relative humidity with a photoperiod of 14:10 h light and dark cycles. The pupae were allowed to emerge into adults in the test cages. Adults were provided continuously with 10 per cent sucrose solution in a plastic cup with a cotton wick. They were blood fed (from pigeon) on day five after emergence. In the multiple concentration test, five cups, each containing 100 ml distilled water with a 9-cm piece of white filter paper for oviposition as well as solvent extracts at a concentration of 31. 21, 62.42,124.85, 249.71, and 499 .42 mg/l were placed in each cage. A sixth cup without extract served as a control. The control was set up with acetone, water and polysorbate 80. The positions of the plastic cups were alternated between the different replicates so as to nullify any effect of position on oviposition.
Five replicates for each concentration were run with cages placed side by side for each bioassay. After 24 h, the number of eggs laid in treated and control cups were counted under a stereomicroscope. The per cent effective repellency for each concentration was calculated using the following formula.
where ER=effective repellency, NC=number of eggs in control, and NT=number of eggs in treatment 17 . The oviposition experiments were expressed as mean number of eggs and oviposition activity index (OAI), which was calculated using the following formula:
where Nt = total number of eggs in the test solution and Ns = total number of eggs in the control solution. Oviposition active index of +0.3 and above are considered as attractants, while those with -0.3 and below are considered as repellents 18 . Positive values indicate that more eggs were deposited in the test cups than in the control cups and that the test solutions were attractive. Conversely, negative values indicate that more eggs were deposited in the control cups than in the test cups and that the test solutions were a deterrent.
Ovicidal assay: For ovicidal activity, the freshly laid eggs were collected by providing ovitraps in mosquito cages. Ovitraps were kept in the cages two days after the female mosquitoes were given a blood meal. The eggs were laid on filter paper lining provided in the ovitrap. After scoring, 100 gravids were placed in a screen cage where ten oviposition cups were introduced for oviposition 30 min before the start of the dusk period. Of these ten cups, nine were each filled with test solution of 31.21, 62.42,124.85, 249.71, 499.42 and 998 .85 mg/l, and one was filled with 100 ml of water containing acetone and polysorbate 80 that served as a control. A minimum of 100 eggs was used for each treatment, and the experiment was replicated five times. After treatment, the eggs were sieved through muslin cloth, thoroughly rinsed with tap water, and left in plastic cups filled with dechlorinated water for hatching assessment after counting the eggs under microscope 19 . The per cent egg mortality was calculated on the basis of nonhatchability of eggs with unopened opercula 20 and the hatching rate of eggs was assessed 98 h post treatment 21 .
Repellency activity: The stock solutions of the extracts were diluted with acetone, polysorbate 80 and distilled water to obtain test solutions of 31.21, 62.42, 124.85, 249.71, and 499 .42 mg/l. For repellent experiment, 50 laboratory reared blood-starved adult female mosquitoes 3 and 10 days old were placed into separate laboratory cages (45×45×40 cm). Before each test, the forearm and hand of a human subject were washed with unscented neutral soap, thoroughly rinsed, and allowed to dry 10 min before extracts application. After air drying the arm only 25 cm 2 of the dorsal side of the skin on each arm was exposed, the remaining area being covered by rubber gloves. The different plant extracts being tested were applied from the elbow to the fingertips. The arm was left undisturbed. An arm treated with acetone and polysorbate 80 served as control. The control and treated arms were introduced simultaneously into the cage. The numbers of bites were counted over 5 min every 30 min, from 18:00 h to 21:00 h 22, 23 . The mosquitoes that landed on the hand were recorded and then shaken off before imbibing any blood; making out a 30-min. Protection time was recorded as the time elapsed between repellent application and the observation period immediately preceding that in which a confirmed bite was obtained. If no bites were confirmed at 150 min, tests were discontinued and protection time was recorded as 150 min. An attempt of the mosquito to insert its stylets was considered a bite. If no mosquito attempted to bite the control arm during the observation period, that trial was discarded, and the test was repeated with a new batch of mosquitoes to ensure that lack of bites was due to repellence and not to mosquitoes not being predisposed to get a blood meal at the time. The experiments were conducted five times in separate cages and in each replicate different volunteer were used to nullify any effect of skin differences on repellency. It was observed that there was no skin irritation from the plant extract. The percentage protection was calculated by using the following formula 21, 22 : Protection = ({No. of bites received by control arm}-{No. of bites received by treated arm}) (No. of bites received by control arm) X 100.
Statistical analysis:
One-way analysis of variance (ANOVA) was used for the multiple concentration tests and for per cent mortality to determine significant treatment differences 24 . P<0.05 was considered significant.
Results & Discussion
In the oviposition deterrence assay, gravid An. subpictus preferred to lay eggs in the distilled water control cups than in the cups treated with solvent extracts of three plants (Table I) (Table I) . Significantly (P<0.05) less number of eggs were deposited in oviposition bowls treated with ethyl acetate, acetone and methanol extracts of A. paniculata, E. prostrata and T. erecta at all concentrations compared to respective control media. The experimental plant extracts showed effective repellent the gravid females for egg deposition in a concentration-dependent manner. The plant extracts elicited positive oviposition response in the females of An. subpictus, with increasing concentrations the egg deposition was reduced (Table I) . It is possible that the compound in the crude extracts, acted as low repellent at a lower dose and showed high ovipositiondeterrence effect at higher doses. Accordingly, the ethyl acetate, acetone and methanol extracts of A. paniculata, E. prostrata and T. erecta at 31.21 mg/l received more number of eggs compared with 499.42 mg/l. Though the oviposition response of females of An. subpictus was positive, there is a concentrationdependent reduction in egg deposition, giving evidence that this plant extracts are more attractive at lower dose and act reversely at higher doses (Table I ). The OAI value of ethyl acetate, acetone and methanol extracts of A. paniculata, E. prostrata and T. erecta at 499.42 mg/l were -0. 91, -0.93, -0.84, -0.84, -0.87, -0.82, -0.87, -0.89 and -0.87 respectively. The OAI values revealed that the solvent plant extracts have deterrent effect and these caused a remarkable negative response resulting in oviposition of very few eggs. Mean per cent In the present study, the ethyl acetate and methanol extracts of A. paniculata, E. prostrata and T. erecta exerted 100 per cent mortality (no hatchability) at 998.85 mg/l (Table II) . Almost 100 per cent hatchability obtained in the control experiments. In the case of ovicidal activity, exposure to freshly laid eggs was more effective than to the older eggs. It has been shown that the age of the embryos at the time of treatment played a crucial role with regard to the effectiveness of the chitin synthesis inhibitor, dimilin to C. quinquefasciatus 29 . The bioactive compound Azadirachtin isolated from Azadirachta indica showed complete ovicidal activity in eggs of Cx. tarsalis and Cx. quinquefasciatus exposed at 10 ppm (Table III) . The control provided only 3.6±0.63 min of protection. The results showed that repellent activity was dose dependent. The repellent activity of methanol extract of Ferronia elephantum leaves against Ae. aegypti at 1.0 and 2:5 mg/ cm 2 concentrations gave 100 per cent protection up to 2:14±0:16 h and 4:00±0:24 h, respectively, and the total percentage protection was 45.8 per cent at 1: 0 mg/cm 2 and 59.0 per cent at 2:5 mg/cm 2 for 10 h
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. The five most effective oils were In conclusion, the present study revealed the oviposition deterrent, ovicidal, and repellent activities at low concentrations and short exposure time of some Indian medicinal plants. These plant extracts may have potential for the development of new and safe control products for An. subpictus. As naturally occurring insecticides, these plant-derived materials could be useful as an alternative for synthetic insecticides controlling field populations of An. subpictus. Further studies on isolation of bioactive fraction/constituent may provide lead products for field application of mosquito control.
